Craniosynostosis is a relatively common birth defect defined as premature closure of one or more of the cranial sutures. Many of those affected require major craniofacial surgery. The frequency of craniosynostosis has been estimated to be in the order of 0.4/1000, that is, 1 in 2500 persons.' Craniosynostosis may occur as an isolated abnormality or in association with other congenital anomalies as part of the various craniosynostosis syndromes. To date, more than 60 craniosynostosis syndromes have been described, over half having a monogenic aetiology.2 Although individually quite rare, these autosomal dominant syndromes provide a way of mapping genes that predispose to craniosynostosis. The acrocephalosyndactylies (ACS) comprise a clinically similar group among the autosomal dominant craniosynostosis syndromes, characterised by coronal craniosynostosis in association with distal limb anomalies, particularly syndactyly. In 1960, Blank' reviewed published reports and concluded that cases of acrocephalosyndactyly could be classified into two groups, typical and atypical forms. The typical form is Apert syndrome, the hallmark of which is interdigital osseous fusion of the distal phalanges with complete syndactyly. The We embarked on a study to determine the chromosomal localisation of the mutation(s) giving rise to the Saethre-Chotzen syndrome (ACS III) and related disorders as the first step towards identification of the gene defect(s).
starting point for several reasons. Premature sutural fusion is a relatively uncommon finding in patients with chromosome anomalies but has been reported in at least 10 patients with a variety of structural alterations of 7p. The clinical features observed in several of these cases are reminiscent of the non-Apert acrocephalosyndactylies. Schomig-Spingler et al8 recorded craniosynostosis in association with a deletion of 7pter-p21 and summarised the findings in a total of 19 patients with 7p deletions, seven of 19 having craniosynostosis. Although more than 20 cases of partial 7p monosomy have been described, there is considerable cytogenetic heterogeneity regarding size and location of the deleted segments.
However, craniosynostosis appears to be consistently associated with deletion of one of two specific and separate regions, either deletion of part of bands 7p21/proximal 7p22 or deletion of 7p13-p14. There have been only two reports of pure terminal 7p22 deletions9"' and neither had craniosynostosis, suggesting that deletion 0D Ie 0 0~) ( OO ( e of 7p22 is not necessarily associated with craniosynostosis. However, band 7p2l was apparently cytogenetically intact in a case of ring chromosome 7 with craniosynostosis." Thus the critical segment for craniosynostosis on distal 7p seems most likely to be located in distal band 7p2l or proximal 7p22. The Greig cephalopolysyndactyly syndrome (GCPS) is an autosomal dominant disorder affecting limb and craniofacial development in man.12 Craniosynostosis is an occasional feature. The GCPS locus was localised to chromosome 7pl3 by two balanced translocations associated with GCPS in different families" 14 and subsequent demonstration of tight linkage of GCPS to the epidermal growth factor receptor (EGFR) gene (7pl2-13).'5 A further family with GCPS and a balanced translocation has recently been identified. '6 As it seems that two or more genes for craniosynostosis may be situated on the short arm of chromosome 7, we have undertaken linkage studies in a series of non-Apert acrocephalosyndactyly pedigrees using a panel of DNA probes spanning 7p with the key areas of interest being 7pl3 and 7p21.
Materials and methods FAMILY MATERIAL
Clinical and molecular genetics studies were performed in 14 British families with apparent autosomal dominant non-Apert acrocephalosyndactyly to help define the degree of interand intrafamilial variability and address the question of whether abnormal genes at one or more loci cause these syndromes. Relevant family members were examined (by LB) and blood samples taken for analysis from 96 subjects, 47 of whom were affected. The outcome of the clinical study will be published in detail elsewhere.
Two of the families have been reported previously, family 117 and family 16,18 and having reviewed affected members in detail we are confident in classifying the former as having Saethre-Chotzen syndrome, while the latter most closely resembles the pedigree described by Jackson et al. ' 9 Two further families were referred from abroad for inclusion in the linkage study. Figure I Pedigree structure offamilies used in the present study. CHROMOSOME ANALYSIS Chromosome analysis (G banding of cultured lymphocytes) was performed on one affected subject from each family using standard techniques. In all cases the chromosomes were normal. with possible Pfeiffer syndrome was uninformative for pJ5.11 and pRMU7.4 and showed no linkage to other 7p markers. Pedigree 16 showed the only recombination between the disease locus and pRMU7.4, but there was no recombination with pJ5. 11 (lod = 0.9 at 0 = 0). There was no linkage to other 7p markers in this family. This pedigree more closely resembles the Jackson-Weiss syndrome. Given the possibility of heterogeneity, the data were reanalysed with pedigrees 15 and 16 excluded and a maximum lod score of 3.00 obtained with pRMU7.4 at 0 = 0, the two point value for pJ5. 11 being 2.39 at 0 = 0. The data generated a lod score of 1.23, with no recombination events observed between probes pJ5.11 and pRMU7. Ll0-5 a diagnosis of Saethre-Chotzen syndrome (ACS III) and there was no evidence of linkage heterogeneity in these families. Multipoint linkage analysis would favour the ACS gene being proximal to pRMU7.4 (D7S370) but this localisation is not precise. The localisation, identification, and characterisation of one or more of the genes predisposing to craniosynostosis will lead to determination of the genetic elements involved in the complex process of normal skull development and the consequences of mutations in these developmental genes.
Recently two out of three balanced translocations reported to segregate with the Greig cephalopolysyndactyly syndrome have been shown to interrupt the GLI3 gene,27 a zinc finger gene, previously localised to 7p 13.25 Various zinc finger proteins are known to have key roles in Drosophila development,29 and so it is quite possible that they are also similarly important in humans. Of other genes mapping to 7p, the homeobox gene Hoxl.4,3°and KOX3"1 (another zinc finger gene) could also be considered potential candidate genes for human craniodigital syndromes. Molecular genetic analysis of a panel of 7p deletions associated with craniosynostosis (unpublished observation) and linkage data presented here provide evidence that Hox1.4 is not implicated, and the role of KOX3 is currently under study.
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